Plaque assays. Plaque assays were performed in 60-mmdiameter tissue culture dishes on confluent L-cell monolayers under a 5-ml overlay containing 0.85% agar in Dulbecco minimal essential medium-1% heat-inactivated horse serum-0.015% DEAE-dextran (Sigma Chemical Co.)-100 U of penicillin per ml-100 ,ug of streptomycin per ml. Plates were incubated for about 40 h at 37°C in 5% CO2 before the cells were stained with 0.01% neutral red in PBS.
Infection of human erythroleukemic K562 cells by encephalomyocarditis virus readily resulted in establishment of persistently infected cultures. In contrast to the usual typical lytic infection by encephalomyocarditis virus, in which trypan blue staining of cells reaches close to 100% by about 15 h Glycophorin A is found on the surface of human erythroleukemic K562 cells (13) . Therefore, we decided to examine whether K562 cells can support EMC virus growth and, if so, whether glycophorin A is the receptor used by the virus to gain access to the cell interior. During these studies, we found that EMC virus could infect K562 cells but at a rate much slower than that found for infection of all types of cells previously examined. Further, since EMC virus has the reputation for being a highly cytolytic virus, we were surprised to find that the infected cultures were not completely destroyed but showed the ability to recover to some extent and that persistently infected cultures were readily established. We describe here some of the properties of the system.
MATERIALS AND METHODS
Virus. The K2 strain of EMC virus was grown in Krebs ascites tumor cells and purified as described previously (4 (21) .
tures, to which fresh medium was added about every 4 days to maintain a cell density of approximately 2 x 106/ml and released virus remained in contact with cells, viral persistence developed but recovery of maximum cell viability took closer to 3 weeks (Fig. lb) .
The phase in which cells recovered maximum viability was followed by alternating waves of decreased and then increased viability, the phases becoming successively less synchronized (Fig. lc) .
Plaque and hemagglutination assays of washed culture supernatants, each of which represented the total virus output in the preceding 24-h period, revealed that maximum virus release occurred on day 2 postinfection and before uptake of stain reached its maximum (Fig. la) ; typical titers on day 2 were 1 x 108 to 4 x 108 PFU/ml and 720 hemagglutinating units/ml. Virus yield then decreased on successive days until cell viability had recovered to 80 to 90%, by which time virus yield was less than 5% of maximum or about 2 x 106 PFU/ml and less than 40 hemagglutinating units/ml. However, virus yield again increased a few days later and before the next wave of increased permeability to stain by the cells, reaching 5 x107 PFU/ml and 480 hemagglutinating units/ml (Fig. la) (Fig. 1) . To determine why, the growth pattern of infected cultures was examined.
Within 24 h of infection, K562 cells showed a marked decrease in growth rate, the minimum coinciding with maximum permeability to stain at approximately 3 to 5 days postinfection (Fig. 2) . This was followed by a lag period of 2 to 4 days, after which the rate of cell growth increased and a generation time of about 1.4 days was attained. Thus, the reason why it took infected cultures longer than uninfected ones to reach similar cell densities was the effect of a lag period and a slightly slower growth rate. Nevertheless, it seems reasonable to assume that the recovery of cell viability observed by about 2 weeks postinfection was due to self-renewal of cells rather than stained cells becoming cured. However, some stained K562 cell cultures did seem to recover viability, as the following studies suggested. (Fig. 3a) .
washed conditions (see the legend to Fig. lb during the 10 days when they were observed ( Fig. 3a and b) . (Fig. 3a evels of cell staining (Fig. 3a) ', when staining reached 60% (Fig. 3a) ; this higher to 90% by 2 to 3 weeks postinfection, despite the presence of hg on day 2 was observed in a repeat experiment with infectious virus in the culture medium (Fig. la to c) . To 5 (data not shown). The time course and extent Of explore the nature of this apparent resistance to infection, cell clones were isolated from a culture (Fig. lc) culture went through several crises and staining frequently reached 60 to 80% (Fig. lc) . In contrast, the cloned cells (14, 27) , Theiler's virus (6, 17) , coxsackievirus (22) , and poliovirus (24) in animals and foot-and-mouth disease virus (10, 11), Theiler's virus (23) , coxsackievirus (5, 19) , echovirus (15) , and poliovirus (1, 16) in cell culture. It should not be surprising to find that EMC virus can also cause persistent infections under the right conditions. In fact, EMC virus has previously been shown to infect mice (8) and selected Chinese hamster ovary cells (26) persistently.
An unusual feature of the establishment of persistently EMC virus-infected K562 cells was the ease with which persistence was initiated. In contrast to EMC virus infection of CHO cells, which infrequently resulted in persistence (26), we found that infection of K562 cells invariably gave persistently infected cultures. K562 cells obviously have the tendency to become persistently infected readily, since this also happens with herpesvirus 1, measles virus, and mumps virus (7, 12) .
The molecular basis of viral persistence is not well understood (20) . It has been reported that coevolution of virus and cells occurs in cultures persistently infected with reovirus (2) or foot-and-mouth disease virus (10) . The results presented in the present report are consistent with continuous evolution of virus and cells. We believe that most of the K562 cells in the original cultures were susceptible to EMC virus infection. However, a few cells resisted infection and continued to grow, taking over the culture, and therefore apparently largely recovered viability as measured by relative impermeability to stain. In the meantime, the virus itself was evolving and variants able to overcome the inhibition in the resistant cells were produced. As a result, the cultures went through another crisis until a few cells resistant to the variant virus grew and reestablished the culture. These cells remained the predominant form until yet again new virus variants arose when most of the cells succumbed to the new variants, and so the process was repeated again.
Certainly, there was evidence that EMC virus evolved rapidly in K562 cell cultures, giving rise to small-plaque variants, a feature also seen for persistent infections with foot-and-mouth disease virus (9), coxsackievirus (5), and poliovirus (16) . In addition, it was apparent that the K562 cells also evolved, since cloned cells gave rise to mixtures containing some cells resistant and some susceptible to infection.
Our studies are continuing. The basis of the resistance to infection in this erythroleukemic K562 cell line, which might be related to a change at the receptor level (Table 2) , remains to be determined, as does the nature of the change(s) in the virus leading to small-plaque morphology.
